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Abstract: Heat distribution system (HDS) pipes and appurtenances are 
subject to significantly reduced service life when they are located inside 
manholes with severely corrosive environments. This report documents 
the demonstration of an innovative coating system for HDS components 
intended to protect pipes directly, by preventing the corrosion of steel, and 
indirectly, by reducing heat-related corrosive conditions within manholes. 
The demonstration was performed at Redstone Arsenal, AL. 

Field performance of the coating system components was mixed. The 
primer was straightforward to apply and showed no signs of degradation 
during the performance period. The topcoat essentially failed shortly after 
application by turning to powder. The topcoat failure mechanism appears 
to have been destruction of its acrylic binder by excessive heat, and the re-
sult was replicated in the laboratory through an extension of the initial 
oven tests. At this time it appears that topcoat material did not perform in 
accordance with the manufacturer’s published product data. Because the 
primer material remains intact and is expected to offer corrosion protec-
tion in line with the product data, it represents a significant technology 
application for corrosion prevention and control. The report includes a re-
turn-on-investment calculation based on extension of HDS component 
service life. Lessons learned are documented. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Executive Summary 

Heat distribution system (HDS) pipes and appurtenances are subject to 
significantly reduced service life when they are located inside manholes 
with severely corrosive environments. This report documents the demon-
stration of an innovative coating system for HDS components intended to 
protect pipes directly, by preventing the corrosion of steel, and indirectly, 
by reducing heat-related corrosive conditions within manholes. The dem-
onstration was performed at Fort Jackson, SC. 

The selected coating system component materials were commercially 
available products not currently used in standard practice by Army. The 
primer coat was Hi-Temp 1027 CUI, a single-component primer formu-
lated to prevent corrosion of high-temperature steel under thermal insula-
tion. The topcoat was TC Ceramic High Build (HB), a ceramic-filled 
acrylic-based coating with thermal insulation properties. The primary 
purpose of the coating system was to prevent corrosion of the pipes and 
appurtenances housed in HDS manholes. Another purpose was to investi-
gate whether the thermal barrier topcoat would significantly reduce the 
temperature inside manholes and thereby mitigate the corrosivity of the 
interior environment. Before application at the demonstration site, the 
coating system components were subjected to laboratory oven tests, and 
the ceramic-filled topcoat was subjected to heat conductivity testing. 

Field performance of the coating system components was mixed. The 
primer was straightforward to apply and showed no signs of degradation 
during the performance period. The topcoat essentially failed shortly after 
application by turning to powder. The topcoat failure mechanism appears 
to have been destruction of its acrylic binder by excessive heat, and the re-
sult was replicated in the laboratory through an extension of the initial 
oven tests. At this time it appears that topcoat material did not perform in 
accordance with the manufacturer’s published product data. 

Because the primer material remains intact and is expected to offer corro-
sion protection in line with the product data, it represents a significant 
technology application for corrosion prevention and control. The report 
includes a return-on-investment calculation based on extension of HDS 
component service life. Lessons learned are documented. 
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Unit Conversion Factors 

Multiply By To Obtain 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

feet 0.3048 meters 

gallons (U.S. liquid) 3.785412 E-03 cubic meters 

inches 0.0254 meters 

mils 0.0254 millimeters 

square feet 0.09290304 square meters 
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1 Introduction 

1.1 Problem statement 

The U.S. Army Installation Management Command (IMCOM) and the Of-
fice of the Assistant Chief of Staff for Installation Management (ACSIM) 
have identified heat distribution systems as a critical infrastructure com-
ponent needed to support the installation mission. Manholes are an essen-
tial design feature of heat distribution systems (HDS). Also called valve 
pits*, manholes provide maintenance workers access to valves that control 
service to the branches of the HDS network. The pipes and appurtenances 
housed in manholes are wrapped with insulation, which tends to deterio-
rate over time. Regardless of the insulation condition, however, the inte-
rior of a given manhole is typically hotter than the ambient environment. 
Furthermore, water ingress from precipitation or the ground is inevitable, 
contributing to a humid and warm environment that promotes rapid cor-
rosion of steel HDS components. The corrosivity of the manhole interior 
environment can become severe virtually overnight if a manhole floods 
and the pipe insulation becomes saturated. Damaged or missing pipe insu-
lation greatly elevates the temperature inside a manhole, and longer-term 
manhole flooding can result in a boiling manhole, which accelerates deg-
radation and energy loss much further.  

Corrosion-related degradation of HDS components inside manholes can 
lead to unscheduled service interruptions due to leakage or catastrophic 
loss of system pressure.† Even before such failures occur, HDS operators 
often pay excessive energy costs because of heat losses related to degraded 
manhole pipes and appurtenances. Furthermore, corrosion can dramati-
cally shorten the service life of components housed in manholes. Such a 
loss of service life in critical infrastructure translates directly into expen-
sive new unprogrammed repair or replacement requirements. Therefore, 
innovative corrosion prevention and control technologies are continually 
sought to address the many problems related to excessive corrosion inside 
HDS manholes. 

                                                                 

* The terms manhole and pit are used interchangeably in this report. 
†  Myers, James R., Ellen G. Segan, Charles P. Marsh, and Vincent F. Hock. July 1991. Causes and Control 

of Corrosion in Buried-Conduit Heat Distribution Systems, USACERL Technical Report M-91/08. Cham-
paign, IL: U.S. Army Construction Engineering Research Laboratory. 
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This report documents a technology demonstration project at Redstone 
Arsenal, AL, in which an innovative coating system is being tested on HDS 
components housed in manholes. The coating system consists of a high-
temperature primer coat and a high-solids ceramic-filled acrylic topcoat. A 
novel property of the topcoat is that it provides significant thermal insula-
tion owing to its high content of porous ceramic particles. In combination 
with a suitable primer, this innovative coating system is expected both to 
effectively prevent corrosion of steel HDS components in manholes and to 
provide a layer of thermal insulation that will be much more resistant to 
water-related degradation than conventional insulation wrapping materi-
als. This combination of effective corrosion protection and thermal insula-
tion offers the potential to ensure that steel HDS components in manholes 
reach their designed service life with lower probability of failure. 

1.2 Objective 

The objective of this project was to demonstrate an innovative coating sys-
tem that may directly protect steel pipes and appurtenances in HDS sys-
tem manholes from corrosion while mitigating the corrosivity of the inte-
rior manhole environment by reducing its heat. 

1.3 Approach 

The coating system demonstrated in this work consisted of two commer-
cially available products: 

• a primer coat of Hi-Temp 1027 CUI, a product of Hi-Temp Coatings, 
Acton, MA 

• a topcoat of TC Ceramic High Build (HB), a product of Capstone Manu-
facturing Co., Seattle, WA. 

Technical descriptions of both coating materials are provided in the body 
of this report. Neither product is currently covered by a military specifica-
tion (MIL-SPEC). The topcoat material has been used in industrial appli-
cations for more than 10 years but is not currently used for Army HDS 
manhole piping. 

In the preliminary phase of this project, a simple test apparatus was con-
structed to assess the thermal conductivity and other characteristics of the 
ceramic-filled topcoat in a controlled laboratory experiment. In the main 
portion of the demonstration, the two-part coating was applied to steel 
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pipes and appurtenances inside nine manholes located at Redstone Arse-
nal. In addition, pipe insulation and jacketing were applied according to 
prevailing industry standards. All demonstration work performed onsite 
complied with installation requirements for health and safety. Perform-
ance observations and data collection were conducted as documented in 
the main text of this report. 

Appendix A reprints the complete project management plan (PMP) for this 
work, as amended. Additional appendices provide details on coating mate-
rial technical specifications, laboratory testing results, a numerical return 
on investment (ROI) projected for Army-wide adoption of the technology, 
and recommendations for implementation in Army engineering guidance. 
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2 Technical Investigation 

2.1 Coating material descriptions 

The primer used in this program, Hi-Temp 1027 CUI (Hi-Temp Coatings, 
Acton, MA), is a high-temperature primer formulated for steel. It is spe-
cifically designed to prevent corrosion under thermal insulation in high-
temperature HDSs. The product is a single-component material, which 
makes it easy to apply whether the steel is hot or at ambient temperature. 
The manufacturer’s product data sheet indicates that Hi-Temp 1027 is ca-
pable of withstanding sustained temperatures of 649 ºC (1,200 ºF), and 
can withstand cycling between high-temperature steam and boiling water 
temperatures. The primer is typically applied in two coats to achieve a to-
tal film thickness of 10 – 12 mils, but it will perform satisfactorily at high 
temperatures if applied to greater thicknesses. Technical data on the 
product are reproduced in Appendix B. 

Capstone TC Ceramic High Build (HB), the ceramic-filled topcoat used in 
this program, is the thermal barrier component of the demonstrated coat-
ing system. It provides an insulating property that can reduce excessive 
heat inside HDS manholes. This heat reduction, in addition to improving 
worker safety inside the manhole, reduces corrosivity in the manhole inte-
rior. Technical data on the product are also provided in Appendix B.  

2.2 Laboratory testing of the coating system 

Two laboratory tests were performed before the coating system was ap-
plied in the field. One was a thermal conductivity test of the ceramic-filled 
topcoat to collect data necessary for calculating portions of the return on 
investment (ROI) projection. The investigation examined the topcoat ma-
terial’s thermal conductivity both in a dry and a saturated state. The other 
test was a controlled temperature exposure investigation in which panels 
were hung in a standard laboratory oven and exposed to temperatures rep-
licating those expected in service at the surface of HDS pipes and appurte-
nances. 

2.2.1 Thermal conductivity tests 

The test apparatus consisted of a thermally insulated container of water 
into which a capped, coated test pipe section was immersed to a specified 
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depth. Water decanted into the test pipe section was heated with an im-
mersion heater. The water in the insulated bath was stirred using a stan-
dard laboratory power stirring device with a magnetic agitator to ensure 
acceptable uniformity of temperature, and the temperature was monitored 
using a mercury immersion thermometer (Figure 2.1 and Table 2.1).  

Test specimens consisted of common 2 in. diameter steel pipe sections. 
Each specimen was 12 in. long with one end welded closed. All specimens 
were abrasive blasted with aluminum oxide grit for a surface profile of 2.5 
mils, as measured by ASTM D 4417 Method C. All specimens were primed 
with an epoxy zinc primer meeting MIL-DTL-24441 Formula 159. Primer 
thickness was measured to be 2.5 mils, using a Positector 6000 gage in ac-
cordance with ASTM D 1186. Experimental specimens were topcoated 
with Capstone TC Ceramic at thicknesses of 50 and 85 mils (ASTM D 
1186). The topcoat dried a minimum of 2 weeks at laboratory conditions 
before initiating the tests. 

Water in the pipe was heated with an immersion heater and maintained at 
a boil throughout the test. Small increments of water were added to the 
specimen pipe during the test to replace water that had evaporated. Water 
in the insulated container was agitated using the magnetic stirrer. Its ini-
tial temperature was approximately 24 °C (indoor ambient) and was moni-
tored at 1 minute intervals by reading from the immersion thermometer. 
During the test, the thermometer was moved to different places in the in-
sulated test bath, and was found to vary less than 2 °C between locations. 
Temperatures were recorded starting when the water in the pipe first 
reached a rolling boil, and observations were concluded when the tem-
perature in the insulated container stopped rising and reached a constant 
level. 
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Figure 2.1. Test apparatus set up in lab. 

Table 2.1. Test apparatus specifications. 

Item Dimensional parameter Measure 

Outside diameter 2.375 inches 

Immersion depth 8.625 inches 

Pipe: 

Immersion area 68.78 sq. in. 

Diameter 6.5 inches 

Height 10.5 inches 

Insulation 0.625 inch Styrofoam™ 

Insulated Container 

Water volume 4,900 ml 

Thermometer Mercury, w/0.2 °C divisions  
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A detailed account of the experiment, including the test data and the ana-
lytic process, is shown in Appendix C. A summary is presented here. 

The initial test cycle was performed on the pipe coated only with primer. 
This run was terminated early due to mechanical problems, and a dupli-
cate run was performed to completion. Data for both runs are shown in 
Appendix C, Table 2. It should be noted that the first recorded tempera-
ture of the water on these runs is 68 °C because it took a long time for the 
heater to bring the water in the pipe to a rolling boil. The initial water 
temperature in tests using pipe coated with 50 mils of ceramic coating is 
much lower because the water in the pipe came to a boil quickly. 

Appendix C, Table 2, shows two test cycles for the pipe coated with 50 mils 
of the TC Ceramic topcoat. After the first cycle, the specimen was left in 
the water bath for 21 hours, after which the test was repeated to determine 
whether immersion would saturate the coating and affect its thermal con-
ductivity and film condition. The data show an impact on thermal conduc-
tivity, but the saturated coating still maintained a high percentage of its 
insulating capability. Saturation of the 50 mil coating specimen also ad-
versely affected the paint film by raising a few blisters. Before the next test 
cycle, a number of D#6 blisters (ASTM D 714) were identified. After about 
3 minutes of boiling during the second test cycle, some F#1 blisters ap-
peared. All blisters remained unbroken throughout the test cycle, however. 
After several days of drying at laboratory ambient conditions, the blisters 
shrunk to a relatively smooth condition, but their location was still visible. 

Appendix C, Table 2, also shows two test cycles for the pipe specimen with 
85 mils of ceramic-filled coating. As with the 50 mil coating specimen, the 
pipe remained immersed at laboratory ambient temperature for 21 hours 
before performing a second test cycle. After the immersion period, no blis-
tering was noted. However, F#6 blisters did develop after several minutes 
of boiling during the second test cycle. No large blisters developed. It is 
thought that the difference in blister size and density between the two 
specimens is due to minor unobserved differences in application. 

2.2.2 Oven tests 

Laboratory temperature studies of the TC Ceramic topcoat were initiated 
as part of CPC Project IMA-2 (Marsh 2007), in which the subject topcoat 
was demonstrated on a low-temperature HDS at Fort Jackson, SC. In the 
Fort Jackson demonstration, typical plant output was reported to be 
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208 °F, and the temperature of lines was expected to drop relative to the 
distance from the plant. An oven test was set up using three different or-
ganic zinc primers: (1) epoxy zinc, (2) moisture cure urethane zinc, and (3) 
silicone zinc. Half-inch thick steel panels were primed with each primer 
and topcoated with TC Ceramic, creating a coating system thickness of ap-
proximately 50 mils. The panels were suspended in the oven maintained at 
105 °C (221 °F) and observed on a weekly basis. Over time, the color of the 
topcoat changed from white to a light “cream” tint. Reflectance measure-
ments (i.e., percentage of light reflected from the surface) were taken at 26 
weeks and recorded (Table 2.2). No notable difference among the different 
primers was discernable. Other than the color, the physical properties of 
the topcoat appeared the same as observed on panels prepared the same 
way and maintained at laboratory conditions.  

Table 2.2. Oven test data for TC Ceramic topcoat (primed metrics panels). 

Specimen Temperature Duration Reflectance Topcoat Condition 

Control 25 °C (77 °F) New 89 – 90 Pliable 

Fort Jackson demo 105 °C (221 °F) 26 weeks 75 – 80 Same as new 

Redstone demo 182ºC (360 °F) 6 weeks 31 – 34 Hard, acceptable 
adhesion 

 
In early discussions about the demonstration of the subject coating system 
at Redstone Arsenal, which uses the same topcoat that was applied at Fort 
Jackson, the typical operating temperature of the HDS pipes was esti-
mated by the DPW to be about 182 °C (360 °F). Quarter-inch thick steel 
panels were prepared with a non-zinc silicone primer and topcoated with 
TC Ceramic to a system thickness of approximately 50 mils. These new 
panels, along with several epoxy-zinc-primed panels used for the Fort 
Jackson demonstration, work were suspended in the oven and maintained 
at a temperature of 182 °C (360 °F). They were inspected on a weekly ba-
sis. It was observed that the color of the topcoat progressively darkened to 
a shade of “tan,” returning the lower reflectance values shown in Table 2.2. 
Mechanical pressure applied to the topcoat indicated that it became 
harder over time, losing its original flexibility. Coating adhesion and film 
integrity, however, were still considered acceptable. 

2.3 Field application 

The demonstration coating system was applied in the field during two 
weekends when the steam system could be shut down. The work consisted 
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of removing the residual thermal insulation, then applying the primer and 
topcoat materials to pipes and appurtenances in nine valve pits (man-
holes) at Redstone Arsenal. It was expected that the insulation and jacket-
ing would be reapplied to most of the pipes at the same time, but only a 
small amount of that work was completed during the first weekend. At the 
time of the surface preparation and painting, the steam was shut off, but 
the pipes were still warm. Temperatures at the time of the work, shown in 
Table 2.3, fell within the range prescribed for application by the TC Ce-
ramic manufacturer. All surfaces of pipes exposed to heat (both feed and 
return lines as well as various small diameter pipes and valves) were abra-
sive blasted to the SSPC-SP6 (commercial) grade. The blast medium was 
silica sand having a designation of BX12. It had a wide gradation and pro-
duced a surface profile (replica tape) of 3.5 – 3.7 mils.  

As noted previously, the primer was Hi-Temp 1027. Two coats were ap-
plied without thinning to produce an intended primer film thickness of 10 
– 12 mils. Application on the first weekend was with an electrically oper-
ated airless spray unit using a 517 tip; the second weekend, a 317 tip was 
used to reduce overspray. The TC Ceramic topcoat also was applied with-
out thinning using an electrically operated airless spray unit. A 519 tip was 
used the first weekend, resulting in considerable overspray. A 317 tip used 
the second weekend, which reduced the overspray considerably. The in-
tended topcoat thickness was a minimum of 100 mils. 

Table 2.3. Individual pit data. 

Pit Number 1 2 3 4 5 6 7 8 9 

Total area coated (sq ft) 555 445 332 565 294 316 628 185 271 

Prime Application Feed 
Temperature (°F) 

130 123 126 199 84 84 84 110 84 

Prime Application Return 
Temperature (°F) 

 --- 120 113 126 84  --- 84 95 84 

TC Application Feed 
Temperature (°F) 

120 112 84 84 84 138 105 100 84 

TC Application Return 
Temperature (°F) 

 --- 100 84 84 84  --- 105 86 84 

Primer Typical Thickness 
(mils) 

12-15 14-15 14 - 16 12-14 11-15 10-12 10-12 10-13 12-15 

System Typical Thickness 
(mils) 

125-
150 

40-50 110-130 110-130 110-130 110-
120 

100-120 35-50 90-120 

Dry time before full heat 
restored 

6hrs 8hrs 3 hrs*  3 hrs* >30 days 12hrs 8 hrs 12hrs >30 days 

25 Sep. Temperature (°F) 
(Feed/Return) 

310/--- 317/160 280/220 265/165 cold 265/--- 270/170 340/176 cold 
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Work conducted the first weekend resulted in applying the total system in 
pits 3 and 4, applying both primer coats in pits 5 and 9, and applying a sin-
gle coat of primer in pits 6 and 7. The steam in pits 5 and 9 had been shut 
down for some time and remained off for about a month after the final ap-
plication. It was anticipated that the steam would be brought up gradually 
on the other pits after completion of work Sunday evening, such that the 
temperature would be held at approximately 120 – 150 °F until early Mon-
day morning. That schedule would have allowed the moisture to escape 
from the topcoat gradually. Unexpectedly, the steam was turned on at full 
pressure shortly after completion of the paint application, and the meas-
ured temperature Monday morning was over 300 °F. This system schedul-
ing error resulted in severe topcoat blistering in pits 3 and 4. Conversation 
with the manufacturer revealed the blistering would not have any signifi-
cant negative impact on the performance of the product. The manufac-
turer stated that the blisters would be more vulnerable to physical damage, 
but if jacketed carefully the blisters would not present a problem. The off-
schedule heating did not damage the coating in pits where only primer had 
been applied.  

On the second weekend, the pipes in the remaining pits were coated, and 
the coating systems in the pits blasted and primed previously were fin-
ished. The contractor ran short of topcoat, which resulted in a thinner sys-
tem thickness in pits 2 and 8. The reason for the shortage was the large 
amount of material loss due to overspray when coating the small pipes. 

The painting contractor rented a SuperSucker® to remove refuse from the 
pits on Monday following the paint application. The steam was on, and 
temperatures at the (25 September 2006) are shown in Table 2.3. Work 
involved climbing around the confines of the pit with a very unwieldy 6 
inch diameter suction hose. Short touching of the pipes with bare skin did 
not cause significant discomfort. The temperature in the pits was warm, 
but bearable. Walking or sitting on the blistered coatings did not appear to 
cause any damage to the blisters, and the coating was only damaged on 
sharp corners of a few small-diameter couplers and a valve handle. 

Personnel contracted to insulate the pipes arrived on the afternoon of 23 
September 2006. They did not coordinate with the painter or the onsite 
Corps contracting officer’s technical representative, and began insulating 
pipes inside pit 9, which was still in the process of being coated. At the 
time of insulating, the topcoat had been checked for thickness and was de-
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termined to require an additional coat on some of the lower areas of the 
pipes. Most of the upper areas of pipe met the required thickness. Dry time 
of the final application of topcoat was less than 3 hours. The humidity was 
very high, with occasional light rain. The application of the insulation did 
not appear to damage the fresh topcoat, however. The remaining insula-
tion and jacketing was completed several weeks later. 

2.4 Performance monitoring and data collection 

Metrics coupons were prepared to assess the corrosion rate and exposure 
effects on the thermal barrier coating system inside an operating manhole. 
Panels were prepared for one demonstration manhole and an uncoated 
control manhole as follows: 

3 x 9 in. Q-Panels* (bare) 

• A (curved), pit 3, inside jacket 
• B (curved), control pit, inside jacket 
• C, D (flat), pit 3, near pit wall 
• E, F (flat), control pit, near pit wall 

4 x 6 in. panels (cut from 4 in. diameter pipe) 

The specimen pipe was similar to the pipes coated in the field. The concave 
side and all edges were primed with an epoxy-zinc primer to prevent cor-
rosion. The convex side was either bare or coated with the same system 
being demonstrated in the field. The specifics are listed below: 

• G (bare), pit 3, inside jacket 
• H (coated), pit 3, inside jacket 
• I (bare), control pit, inside jacket 
• J (coated), control pit, inside jacket 
• K, L (bare), pit 3, near pit wall 
• M, N (coated), pit 3, near pit wall 
• P, Q (bare), control pit near pit wall  
• R, S (coated), control pit, near pit wall 

The coupons were installed in two manholes at Redstone on 5 December 
2006, 12 weeks after the field coating application. One pit had previously 
                                                                 
* Q-Panel is a trademark of Q-Lab, Cleveland, OH, for weathering test substrate coupons. 
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been improved with the thermal barrier coating system (pit 3) and the 
other was an unimproved control pit. Both pits were similar in size, adja-
cent to each other on the same steam line, and housed approximately the 
same amounts and sizes of pipe. Other than the coating system, the main 
difference between the two pits was the thermal insulation on the pipes: a 
formed solid material was in place in the control pit, and a formed fibrous 
material was used in pit 3. When the aluminum jacketing was opened in 
pit 3, reportedly the last pit to have been insulated, it appeared the con-
tractor had run short of the formed insulation that had been specified and 
finished the last area with a soft bat material.* 

In pit 3, a temperature probe attached to a data recorder was inserted be-
tween the thermal barrier coating and the added pipe insulation. A labora-
tory-coated panel and an abrasive-blasted panel also were placed between 
the topcoat and the insulation, and the jacketing was closed. Additional 
coated and uncoated metrics panels were hung in pit 3. In the selected 
control pit, located approximately 1 block from pit 3, the same general 
panel-installation procedure was followed.  

At the time the panels were installed, data loggers were placed in both pits 
to record the temperature both inside and outside the jacketing (Figure 
2.2). The devices included both an external temperature probe, attached to 
the data logger by a wire, and an internal temperature sensor in the body 
of the data logger. The external temperature probe was installed inside the 
jacketing in the control pit, under the insulation and in direct contact with 
the carrier pipe. The data logger (with its internal temperature sensor) was 
hung close to the pit wall, near the metrics coupons. The external probe in 
pit 3 was positioned on the surface of the coating, under the insulation. 
The temperature data were recorded for use in the project’s return-on-
investment (ROI) study.  

                                                                 
* The insulation contractor reopened the jacketing in pit 3 and replaced the defective insulation ap-

proximately 2 months later. 
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Figure 2.2. Metrics setup in control pit, showing panels hung near manhole wall, data logger, 

probe lead, and control coupon mounted in insulation cutout.  

At the time the coupons and data loggers were installed in the two pits, the 
exposed ceramic-filled topcoat in pit 3 was light tan in color and showed 
no flexibility. Technically, the film was intact, but most of it was no longer 
adhered to the primer. Impacts from opening the insulation had cracked 
the topcoat film, and in some places it fell away from vertical surfaces. 
This observation clearly indicated a greater level of topcoat deterioration 
than had been observed in the laboratory oven exposure study (see Section 
2.2.2), which was conducted at 360 °F. At this point, the temperature was 
measured in pit 3 and found to exceed 380 °F. The preliminary hypothesis 
by the researchers was that the topcoat had failed due to actual operating 
temperatures in excess of what had been estimated by the system opera-
tor. 
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3 Discussion 

3.1 Metrics 

• ASTM E1349, Test Method for Reflectance Factor and Color by Spec-
trophometry Using Bi-Directional Geometry, was used to provide the 
data included in Table 3.2. 

• ASTM D3359, Standard Test Method for Measuring Adhesion by Tape 
Test, is the common metric used in the field. This test could not be per-
formed on the powdered coatings in place, but it informed the profes-
sional judgment applied during field inspections. All intact coatings in 
the pit area were judged to rate 5A by this standard. 

• ASTM D522, Standard Test Methods for Mandrel Bend Test of At-
tached Organic Coatings, is used to test coating flexibility on a flexible 
substrate. The test could not be performed on the powdered coatings in 
place. However, it was judged that all intact coatings in the pit could 
pass a ¾ in. mandrel bend but would fail a ½ in. mandrel bend. 

• There is no standard test for film integrity. Determination is based on 
subjective professional evaluation. The condition of the intact coatings 
in the pit area was essentially identical to when they were placed in ex-
posure, while the coatings applied to the high-temperature compo-
nents could be easily brushed from the primer coat. 

3.2 Results 

3.2.1 Initial observed field performance 

As stated in section 2.4, during the 5 December 2006 site visit to install 
metrics panels in a demonstration pit and control pit, it was observed that 
the TC Ceramic topcoat had very rapidly degraded and, essentially, failed. 
During that visit, it also was observed that the Hi-Temp 1027 CUI primer 
coat was completely intact and in like-new condition.  

3.2.2 Follow-up observations of metrics panels 

On 12 April 2007 a follow-up site visit was undertaken to observe the met-
rics panels in pit 3 and the control pit. The condition of the panels in both 
pits after 19 weeks were very similar:  
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• In both pits, the bare steel panel inserted inside the jacketing had 
turned a blue-black color.  

• The bare, exposed panel hung in pit 3 had developed light rust on the 
rear (facing the concrete pit wall) but not on the front.  

• The TC Ceramic topcoat on the laboratory-coated panels mounted in-
side the jacketing in both pits was virtually gone, with the panel in the 
control pit having only residual dust in the texture of the Hi-Temp 1027 
CUI primer, and the panel in pit 3 having original thickness of TC Ce-
ramic topcoat on about 15% of the surface. That residual paint was very 
weak and could be brushed from the surface with light finger pressure.  

• In both pits, the Hi-Temp 1027 CUI primer was in excellent condition, 
and the epoxy zinc primer (MIL-DTL-24441 Formula 159) on the rear 
of the panel was in excellent condition.  

Table 3.1 provides a summary of the observations. 

Table 3.1. Summary of metrics panel observations at 19 weeks. 

 3 x 9 in. Q-Panels 
(bare) 

4 x 6 in. pipe panels 
(bare) 

4 x6 in. pipe panels 
(coated) 

Pit 3  
inside jacket 

Dark bluish color 
typical of heated steel 
under a light mottled 
rust 

Dark bluish color 
typical of heated steel 
under a light mottled 
rust; epoxy primed 
rear in new condition 

Ceramic topcoat is 
powder, silicone 
primer is intact; epoxy 
primed rear in new 
condition 

Control pit  
inside jacket 

Dark bluish color 
typical of heated steel 

Dark bluish color 
typical of heated 
steel; epoxy primed 
rear in new condition 

Ceramic topcoat is 
powder, silicone 
primer is intact; epoxy 
primed rear in new 
condition 

Pit 3  
near pit wall 

Very light rust Very light rust; epoxy 
primed rear in new 
condition 

Coating system in 
new condition; epoxy 
primed rear in new 
condition 

Control pit  
near pit wall 

Very light rust Very light rust; epoxy 
primed rear in new 
condition 

Coating system in 
new condition; epoxy 
primed rear in new 
condition 

 
As on the test panels, the TC Ceramic topcoat on pipes in pit 3 had turned 
to powder. Infrared temperature measurements of pipes in the control pit 
were in excess of 380 °F, duplicating the temperature measured on 5 De-
cember 2006. 
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3.2.3 Laboratory verification of coating failure 

Upon observing, during the 5 December 2006 site visit, that the HDS op-
erating temperature in pit 3 exceeded the Redstone DPW estimated oper-
ating temperature (360 °F) by 20 °F, it was decided to extend the labora-
tory oven temperature test of the TC Ceramic topcoat by elevating the oven 
temperature to 380 °F (194 °C). 

Within 1 week at 380 °F, it was observed that the color of the TC Ceramic 
topcoat on oven specimens had significantly darkened compared with its 
previous condition, and the surface had turned to powder. Reflectance 
measurements shown in Table 3.2 document the darkening effect noted on 
the topcoat for oven specimens prepared for the Redstone demonstration, 
the earlier Fort Jackson demonstration, and experimental control. Al-
though the Redstone specimens remained at 380 °F for a total of 12 weeks, 
it is believed that the entire process of degradation actually occurred 
within the first week or two. The primers all remained intact on the surface 
of the panels.  

Table 3.2. Final comparative oven test data for TC Ceramic topcoat (primed metrics panels). 

Specimen Temperature Duration Reflectance Topcoat Condition 

Control 25 °C (77 °F) New 89 – 90 Pliable 

Fort Jackson demo 105 °C (221 °F) 26 weeks 75 – 80 Same as new 

Redstone demo 182ºC (360 °F) 6 weeks 31 – 34 Hard, acceptable 
adhesion 

Redstone demo 194 °C (380 °F) 12 weeks 18 – 21 Powder 

 

3.3 Lessons learned 

The shutdown of steam lines in an HDS affects users and can delay mis-
sion-critical activity. Therefore, any planned shutdown for maintenance 
purposes must be as brief as possible, and carefully scheduled to avoid 
negative impacts either on the end user or the planned maintenance activ-
ity. Because an HDS-related coating project will generally involve a chang-
ing roster of installation and contractor personnel at various stages of 
planning and execution, fail-safe coordination is essential to the success of 
the project. In this demonstration, lapses in communication among pro-
ject participants had significant negative impacts on the results. One ex-
ample was the premature installation of pipe insulation and jacketing by 
the contractor; another example resulted in premature reopening of the 
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demonstration steam line to full heat before the topcoat had fully cured. In 
the latter example, the result was blistering of the topcoat. 

An important lesson learned is to verify the HDS operating temperature by 
direct measurement instead of relying on estimates provided by DPW per-
sonnel. System operators are accustomed to discussing system operating 
capacity in terms of steam pressure rather than temperature. The conver-
sion from steam pressure to temperature is straightforward to make using 
saturated steam tables, but relatively small differences between estimated 
and actual pressure, in pounds per square inch, may translate to larger-
than-expected temperature differences that could affect pipe coating per-
formance. In the current demonstration, if the actual operating tempera-
ture (i.e., 380 °F) had been determined in advance by direct measurement, 
the laboratory oven test should have revealed potential topcoat durability 
problems at full heat. With that information, the manufacturer could have 
been consulted for alternate application recommendations.  
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4 Economic Summary 

4.1 Overview 

An economic analysis of the subject technologies was performed following 
the seven-step process outlined in the Department of the Army Economic 
Analysis (EA) Manual and recommended by Department of Defense In-
struction (DoDI) 7041.3. The full economic analysis is presented in Ap-
pendix D. The analysis estimates the benefits of using alternative mainte-
nance procedures by comparing the maintenance cost of the status quo 
with the cost of three alternative maintenance scenarios over a period of 
20 years. 

4.2 Assumptions 

The main assumption of the analysis are as follow: 

• The start of the analysis period is FY06. 
• The period of analysis is 20 years. 
• The real discount rate is 4%. 
• Cost elements for each alternative are estimated using an average 

manhole. The average manhole is 10 x 10 ft and has two pipelines in it, 
supply and return. Inside the manhole there is a T in each line and a 
valve in each line. The total length of pipeline inside is assume to be (10 
+ 5) x 2 = 30 ft and the average diameter is 4 in. Manholes are 500 ft 
apart and are connected by both supply and return lines. 

• The analysis assumes four alternative maintenance methodologies. 
They are: 
o Status Quo (SQ) 
o Corrosion Protection Primer-Insulation Combination (P-I)--In this 

alternative the pipes are coated with a corrosion protection primer 
with a zinc-based paint and the deteriorated insulation is replaced. 

o Corrosion Protection Primer-ExpectedCeramicPaint-Insulation 
Combination (P-ExPC-I)—In this alternative the pipes are coated 
with a corrosion protection primer and a ceramic paint before re-
placing the deteriorated insulation. Under this alternative, the ce-
ramic paint is supposed to be able to add extra thermal insulation 
to the pipes. 



ERDC/CERL TR-09-24 19 

 

o Corrosion Protection Primer-ActualCeramicPaint-Insulation Com-
bination (P-AcPC-I)—This alternative represents the actual field 
performance of the above (P-ExCP-I) alternative. In the field test 
conducted by CERL the ceramic paint did not perform as expected. 
The thermal barrier capability only lasted for 2 months, after which 
the ceramic paint didn’t provide any extra insulation. 

• In the SQ alternative, insulation is wrapped directly around the exte-
rior side of the carrier pipe all through the section of pipe enclosed in 
the manhole. The economic life of the pipes under this alternative is 15 
years. At the beginning of year 15, the pipes are replaced with a similar 
pipe. 

• In the P-I, alternatives the economic life of the pipe is extend to 30 
years due to the corrosion protection provided by the zinc-based 
primer. 

• In the P-ExCP-I and P-AcCP-I alternatives, the economic life of the 
pipes is also extended to 30 years by the presence of the zinc-based 
primer paint. 

4.3 Projected return on investment 

The economic analysis found that if the ceramic coating had performed as 
the manufacturer intended, this alternative would have produced a net 
savings of $82,927 per manhole over a 20-year life cycle, resulting in a re-
turn on investment (ROI) of 72.7 and a Discounted Payback Period (DPP) 
of only 6.4 years. However, the field test of the ceramic paint reveled that 
the ceramic paint saved energy only for a few months, after which it be-
came ineffective. In other words, the field test showed that the ceramic 
paint alternative only produced a net saving of $79,444 per manhole over 
a 20 year life cycle, resulting in a ROI of 69.6 and a DPP of 15 years. In ad-
dition, the analysis showed that most of the savings came from the corro-
sion protection provided by the primer paint.  

Given the inability of the ceramic paint to perform as intended by the 
manufacturer, the economic analysis shows that the next best alternative 
is the combination of just primer paint and insulation. This alternative 
produces a net savings of $79,794 per manhole over a 20-year life cycle, 
and results in a ROI of 150.3 although it takes 15 years to recover the in-
vestment - DPP of 15 years. Details are presented in Appendix D. 
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5 Conclusions and Recommendations 

5.1 Conclusions 

The demonstration of this innovative coating system for HDS manhole 
pipes and appurtenances produced mixed results. 

The thermal barrier portion of the coating system did not perform in ac-
cordance with the manufacturer’s published product data. Although the 
TC Ceramic ceramic-filled topcoat material performed adequately in labo-
ratory tests up to the estimated operating temperature of the Redstone 
HDS (360 °F), it completely failed at an operating temperature only 20 °F 
higher than that estimate. Follow-up oven testing in the laboratory repli-
cated the failure of the TC Ceramic topcoat in pit 3 at Redstone. The evi-
dent failure mechanism was destruction of the topcoat’s acrylic binder by 
excessive heat. It must be noted, however, that the manufacturer’s product 
data sheet states that TC Ceramic topcoat will perform as specified up to 
500 °F (Appendix B), so logic indicates that the acrylic matrix should have 
survived a temperature of 380 °F. 

Due to the failure of the ceramic-filled topcoat in this high-temperature 
application, no conclusions can be drawn about its ability to reduce the in-
terior temperature of manholes. No reliable inferences may be drawn 
based solely on the laboratory thermal conductivity testing. 

Initial problems with topcoat adhesion, in the form of blistering, must be 
attributed to a premature return of the Redstone HDS to full heat. The 
topcoat did not have adequate time to dry before the system was returned 
to operating temperature, so water in the topcoat’s acrylic binder boiled 
out instead of evaporating within the manufacturer’s recommended tem-
perature range. The character of this coating problem was localized to 
small scales, however, and should not have adversely affected overall coat-
ing adhesion performance. 

The Hi-Temp 1027 CUI primer coat was observed to perform well regard-
less of the HDS system operating temperature or laboratory oven tempera-
ture. Because the majority of the projected ROI for this coating system 
(Appendix D) is attributable to the corrosion prevention and control im-
pacts of the primer coat, the demonstration work at Redstone will provide 
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a substantial continuing benefit for the installation without benefit of an 
intact topcoat. 

5.2 Recommendations 

5.2.1 Applicability 

It is recommended that personnel responsible for specifying HDS mainte-
nance and repair fully consider the application of the demonstrated primer 
coat material on pipes and appurtenances in HDS valve pits (manholes). 
Based on the results of this demonstration, the subject primer coat mate-
rial is reasonably straightforward to apply, and it is durable enough to 
withstand exposure to system operation temperatures up to approximately 
380 °F. Because coatings traditionally are not applied to pipes and appur-
tenances enclosed in HDS valve pits, the implementation of this technol-
ogy throughout military installations could have an enormous role in low-
ering costs associated with repair and replacement of HDS components. 

At this time, based on the results of this demonstration, the subject ce-
ramic-filled topcoat material cannot be recommended for use in high-
temperature HDS applications (approaching 380 °F constant operating 
temperature). Direct observation indicates that the coating does not meet 
the specification (suitable performance up to 500 °F continuous or surge 
temperature) stated in the manufacturer’s product data sheet.  

It should be noted that this recommendation does not affect lower-
temperature applications, such as documented in the successful Fort Jack-
son demonstration of the same topcoat.  

5.2.2 Implementation 

It is recommended that this technology be adopted and implemented by 
inclusion in Unified Facilities Guide Specifications (UFGS) 33-60-01, 
Valves, Piping, and Equipment in Valve Manholes (July 2006). In addi-
tion, the UFGS 33-61-13, Pre-Engineered Underground Heat Distribution 
System (April 2006), may require modification if the conduit end plates 
are to be coated. Inclusion in the original design of new systems would 
also be aided by implementing this technology into the language of Unified 
Facilities Criteria (UFC) 5-810-17, Heating and Cooling Distribution. Sug-
gested implementation language is presented in Appendix E.  
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Appendix A: Project Management Plan for 
CPC Project FAR-11 
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Appendix B: Coating System Technical Data 

Technical data for Hi-Temp 1027 CUI 
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Technical data for TC Ceramic 
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Appendix C: Thermal Conductivity Testing of 
Ceramic-Filled Coating 
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Appendix D: Independent Return on 
Investment (ROI) Analysis 
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Appendix E: Recommended Implementation 
Guidance 

Suggested implementation language for the subject coating system materi-
als into DoD corrosion prevention and control practice is provided below. 

Unified Facilities Criteria (UFC) 3-430-01FA, Heating and Cooling 
Distribution 

Under Chapter 3. GENERAL DISTRIBUTION SYSTEM DESIGN 
 Under Section 3-6 VALVE MANHOLES 
  Under a) Manhole internals 
    (1-6) to stay as is 

 add: (7) Valve/piping coatings 

  Metal piping and appurtenances in heat distribution system 
manholes will be coated prior to being insulated. Coating of valve packings 
and other equipment whose function would be impaired is to be avoided. 
At minimum, the coating will consist of a spray primer suitable for the ex-
pected system operating temperatures. Surface preparation will consist of 
a near-white blast with first coating to occur within 24 hours. For low-
temperature heat distribution systems (200 °F and below, defined by AR 
420-49, Utility Systems, 28 April 1997, Section 6 – 9) the additional pro-
tective coating of an insulating ceramic coating will be used. 

Unified Facilities Guide Specification (UFGS) 33 60 01, Valves, Piping, 
and Equipment in Valve Manholes (July 2006) 

1. Renumber sections 2.12, 2.13, 2.14, 2.15 to 2.13, 2.14, 21.5, 2.16 

2. Insert a new section 2.12 as follows: 

 2.12 PIPING/VALVE COATING 

********************************************************************* 
NOTE: This section applies only to heat distribution piping in valve man-
holes. 
********************************************************************* 
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Over the operational life of a heat distribution system, valve manholes of-
ten experience ambient conditions that are both wet and hot. These are 
ideal conditions to promote corrosive degradation that can lead to prema-
ture failure. All metal piping and appurtenances in heat distribution sys-
tem valve manholes will be spray-coated with a metal primer suitable for 
the expected system operating conditions. Coating of valve packing and 
other equipment whose function would be impaired is to be avoided. Sur-
face preparation will be in accordance with standard metal coating prac-
tices. For low temperature heat distribution systems (200 °F and below) 
the additional protective top coat of an insulating ceramic coating will be 
used. 
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